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論文内容要旨
 Mucha賃entlonhasbeenpaidonthephysicaレchemicalproperむiesal/d坑mctbnsof詔04一卿ecoinplexoxides.
 MaayrepoltsollcatalyllcactM嬢Photocata1麺cactivi鰍luminesccntpropeltlesjol埴ccollductivi賜dielec重ic
 pr・pelties㎝ds・・11havebeenpublishedinthesedays・詔0轡pec・mplex・}ddes欝egenerallypr・ducedbya
 s・11dstatereactionmeti・・dathゆtemperatureorsolutl・貫pr・cesssuchashydrothemユalmethodaudso1-gel
 meth・d.Theformermeth・diss卿let・・perate,h・wever,lt㍑quireshighreact1・ntempera館eandconsiderable
 reactiontlme.Besides,毛hedegreeofchemlcaihom〔)geneity1slimited.Tllelattermethodscalprovide釦1eand
 h・m・gene・uspa了ticlepr・ducts、H・weveLc・lnplexpr・cessesarein・・dvedinthesemeth・ds,whereaccuratepH
 andtelηper典1readjust脚t鼻renβgeβsaly,andthek垣et㎏9£reacほ・鵬n卿a睡1gwJn廻φili・n・theミ・luti・ns邸
 st印tingmaterlalsusedint赴esemeth・dscallll・tbe・btalne曲allcases,・曲eyaren・rmallyexpenslve・F・r
 example,thesynthesismethodsof}11Ta()40rInト恥04arelimitedtotllesolidstatereactionathighIemperature
 suchas1100・r8500C,respectively,becauseltisdi餌cultt・preparereage儒h・cluding酌・rTaelements餅wet
 pr・cess丘・mh19hdurab陶・f酌205・rTa205ag蜘尋cido「b solutions・The「e鵬tbe「ehasbee119「owing
 demandst・devel・psilnpleande。・n・mic・metl〕・ds郵。rsyntheslzlngthese騨np・unds・OneGfthec鍵・didates
 w・uldbeamechan・ohe11]icalme重hod,because,ith麗ap・tentialtof・rm茸11econゴplexoxldesinas血91e-stepand
llon-themlaloperatlon.
 Thisthesls幡beenc・nducted財tw・PurP・ses.Oneistheinves走igatlonofp・ssiblli妙t・apPiy
{
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mechanochemic~l method to a novel syElthosizing 
methoci of AB04-'type complex ox{des fo~ ~ ~,,~.'~,o., 
e ~ ~~b20s 
!'1 ' HE~203 
overcoming t}~e dift'~icL~]ty or drawbacks lie_.s !~ il~~: ~,,,~,, o It_ ^oe e ~ *~c~~ ~ ~*~~~~~~~l I ¥~:- -i *f+_ 
conventiol~ai synthesis method. Anothe~: rj~il'l~os{~ .. = ~ :~ +' >. ~ ~~ ~~~i~~ 
~ - ~ ¥~ ~J~~^. 
is to reveai the mech.F~.nism of ITiechanoche_mic~11 _ ) f -/~~ ~; ~L;L
J
 
reactions. 'i~he present resea~'ch wo~'k is mainly . : IL:~_t_ 3~ ~~.___~~~~  j 
~ s ~~~ ~~ + A 
concent~ ated on applicatiori of ti~e ~~ 3~ ~~ s~ ~~ 10 
~8 / ~e~~'ee, c~~~~(~-
~Tiechanochemical ~'eactiorls to i_he synthesis of' 
functiol~al colT~!polinds, ~~~d the 1~lechanoc.hemic~~"~ iFigl}~~'~ I X~~D p~.tte~'ns ofthe In203 arici ~!b205 
syrlthesis is corldLLcted i~~ostly based ol~ i~l ix~ui'e mi I Iec[ for di iferent pei'iods of' time. 
l esea~ chel s e xpe ~ I ence . Fo ~' ftu i'the ~' we I i 
comp~'ehensio~~ o~' mec!1~_~_r~ochemistry ancl p~'og~'ess o[' i~~echai"~ochei~~ical processing method to apply to 
w{cle-spreadi~~g t"leld of materiai syste~tls, t{ll'o~ugh t[~e e)~p'..'~'i}r!cnts foi' ill~chanochel~'iicai synthesis ofAB04-type 
oxides ~A: AI, Fe, C~~ ~n. La, Bi; B: P, ',/, T~b, S:b), i~vestlgatio~~ has beei~ done or] ~he i'e]~tion between ~1): 
mechanoche~nical reactivity anci the c~'yst(~_1 st~'L~ctL}i'e of' stai'ting m(~~te~'lals o~' (ll): mechanochemical reactivity and 
 the c~'ystal ･*t~'uctu~'e of 'tal'get mate~'ials. 
Chapte~' I sL~tnmarized the backg~'ou~d anc{_ the. pu~'pose of this l'ese(^,~'ch. The physical/chemical pi'operties and 
convention~~i p~'epa~'ation ~~~ethods of AB0.1~type oxicies ai'e int~'odLlced in b~'ief. In addition, the l'ecent ~'esea~'ch 
trend fol' the syr}t{~esis of~dvanced materia]s by Lls;ng n"',echanochemica] method is su~~veyed. The main purpose is 
pointed out. 
Chapte~ ~' has Int~oduced the mechanochem~cal method toi syntheslzmg In,~'04, BLY04 ('~'= P, V, Nb, Ta and Sb) 
by millillg the corl'espondirig coriStitLl.ent sin::'~:le oxides using a planetary ball miil. In the case of synthesis of 
rnN~0,j, it carl be synthesized iuechanochemical[y by mi!ling of In203 and Nb205 mixture at room telTiperature. 
This mechanochemica:1 reactiort proceeds with ail incl'ease in milling time and is aimost compieted by ~-40 ~~lin. 
(Fig~~~'~~,) Each t~rget materia] can bc successful]y synthesized by the mil]ing lhe constituent-oxide nlixtui'e iil aiil 
Chapter 3 ha:s dealt with the synthesis of La.YO~ ('~'= P. V, ~ib, Sb) and RV0~ (R = Y, Nd, SITi, Gd, Dy. El') by 
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IL 
~Tiiiiing t{~e cor]stitL]_ent oxides mixtui'e. In 
thc case of synthesis of LaV04, it cat~ ~e 
synthesized by milling of La203 and V205 
mixture at i'oom temperatul'e throu_~;h 
l~lechanochemicai solici sLate reaction. The 
synthesis i'eaction proceeds wi'ih an 
inci'ease. in milling time arld is a[mo*'t 
comp[eted aboL~t 240mln. This 
mechanochemical method is also 
applicab]e to the synthesis of LaP04 arld 
other rare e~i'th orthovanadates. Both low 
and hlgh pressu~'e phases (zii'con-type and 
scheelite-type str'uctui'al phase, 
l'espectively) of each i'a~'e eai'th vanaciates 
coexist, and the ratio oi' high p~'essui'e 
phase increases w{th an i{1crease iri 
mi iling time. (Fig~!l~'e ~.) 
Chaptei' 4 has ciiscussed thc synthesis of 
CI~X04 ('r= P, V, Nb, Sb~ by milling the 
non-crystaliine hydrous Cr203 and .*V205 
mixttLre th~'ough the mechanochemcal 
solid state ~'eaction. Although CrVO~ and 
CrSb04 have not been fol~ued by using 
ci'ystalline Cr203 as starting materiais, 
they can be synthesized 
mechanochemically by the milling the 
mixture of amorphouS hydl'ous chrom i um 
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~ ~i 
v v EF'V0~ IEI il!gil PFos5urc ph'Iso 
~l Ervo.~ ir] I0~~ telnpornsure ~h:]1 5e 
~? I: ~? ~~LLJJlifU~j'_)LvJ~ v ~som il ~_Y' ) 
~L J:L) J!iL( J¥AdUhh/ j~/L~/ 2~0~sl::a [] c] ~.. 
/LJt!~i t~XJh~~J VJ~'~A_J ~ 20 ~~~~_ J ~~_ jU!lvL¥A)¥C]h '~-' F _ 60ii~~11 L~ ' )~J~-$//v~~ Yv~/tv 
,~, J J~ 30u~in VYfL_'~~Y)~'~~_~~~~ f 
e ~r201 o 
~ e~smi:1 J~l e J~LJh A J
~~ 30 **~~ 6~ ,~~ ~~ 
2e / ~~~~~'e~, ~._~;!~'*o~ 
TI'~~~~:*~.~~'e 2 XRD p atter~~s ofthe Er203 a. nc] V20) nl .~ui~ 
i~li {I~d fo~' (i if~~~el'e~~~ pe~'iods of [ime. 
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 oxide (Cr203･nj~120) and vanad[um oxide 
(V205) / antimony oxide (Sb205) in air, 
respectively. rt indicates that it is hard to 
cause a so]icl state re,"*ctio~~ 
mechanochemically when matel'ials ~vith 
corLLndum stl'uctu~'e ai'e used as starting 
materials. This i~lethoci can be_ applied to the 
synthesis of C1'Nb04. On the other hand, 
 though uSing of the amorphous hyd~･ous 
Cr203, formatlon of C~PO has not bcen 
identifled in this experimental 
Chapter 5 has proposec{ the synthesis of 
solid ~-0lutions. suc*h as [nPl_*V+0 
InTa]_.*Nb,*04 arid C~'Vl.+Sb_*04 (O ~ x ~ l; /~~; 
isostructural substitutioris; for example, both 
orthorhombic system. Each soiid sol~E~ion ca~~ 
changes in the unit cell pa~'~inete~'s ind'_icate 
Ch,;~_pter 
Nb, Sb) by. i~~echanochemicai 
of both starting s~mples and l'eactio~ 
iarger-sized cations ~nd in dense~' state tend to 
Chapter 
of 
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inP0~ [] 
CrP04 ~~} 
~'G PO ~ ~ ~] ~;i V04 
[~! i_~1~'O_~ l_:]Nl'04 
'~l i'O ~ ! n V04 
' ~~~]~ [] BiSb04 L] 
i'cV04 ~"eSliOs C;rsbO ~ L:tShO ~[tl ~1V04 ~~ . ' [ilSbO Oi~b04 
C:V04."r~;~~~~~r"='='r~:' L'~jln~~404 
~: 
'~l~bO -~ = 
CrJ~lb04 ~l~l70 ¥ 
' 4 reJ~bO.S 
the app roxilnate 
the solici soiutio~~ in all r~nge of the coml50sition. 
6 has discLlsseci the reaction iuechanism based on the summarized resuits of Fe.Y04 ~nd AL~'04 {X= P, V, 
~'eactio~~ ai~d those i'eporteci i!~ Chapter 
complex oxides has bcen c{iscussed with sever~:1 parameters SLlch as c~'ystal systeln, 
prod ucts. 
for~l~ easiiy by Inechanochemic~l reactions. 
density of reaction product has been used as a quar]titative ci'iter{on to assess the synthesis reaction. 
7 is a summ~ry of this thesis, describir]g the resuits in each chapter. 
~.2 0.3 ~.4 0.5 0.7 0.6 
~ = (~~~+~'~)12ro 
 ~~g~~~"e 4 The pa~'aineters /.･ and t ofAB0~ (/f: AI, Fe. Cr, in, La, 
Bi, B: P. V, hlb, Sb~. (opened square: formeci, closed 
sqL~a~'e: L!r]fo~'l~led) 
= 0.25), through mec{~anochelrlical soiid state reactions based on 
irIP04 and InV04 belollg to the space group of C'mcilll (#63) in 
bc also synthesized by milling. The smooth anci practically linear 
 col~si*･tency with Vegard's [ov*i and the for[nation of 
~Fig~~ ~"e 3 .) 
2, 3 and L1.. The ~'eactivity to form /iB04=type 
ionic radius k=t relatio~~ship etc. 
It has been found that the ABO.1-type oxides with relatively 
 (Fig~~~'e ･~.) pjnally, the 
~~r' 
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 論文審査結果の要旨
き
{
き
 複合酸化物(ABO1)には触媒や蛍光材料,ガスセンサなどへの応用が期待されており,様々な合成法
 が提案・報告されている。その中で,メカノケミカル(MC反応は,産物形態が粉体であり,かっ,その
 結晶性はアモルファス状かそれに類似した非晶質であり,ユニークな特性が期待できる。しかしながら,
 MC反応の可否を含めて合成に関する報告が極めて少ない。
 本論文では乾式粉砕を基本にしたMC法によるABO.t型複合酸化物(A二A!,Fe,Cr,l11,La,Bil
 B=P,V,Nb,Sb)を合成することを目指し,その合成機構を明らかにするとともに,見出されたMC法特有
 の現象についてまとめたものであり,全編6章よりなる。
 第1章は序論であり,本研究の背景,特徴を述べ,関連する過去σ)研究例を示した上で,本研究の目
 的と研究の概要を述べている。
 第2章は,Mc法によるhlxol,Bixo,i(x二P,v,Nb,sb)の合成についての結果を述べている。すなわち,
 A10011やFeOO目などを用いAIPO4,A⊥VO4,FePO,tなどのMC合成を試みたが,反応の進行は確認できなか
 った。また,逆にαヂe20rのように粉砕操作に対して安定な構造を持つものを出発原料として用いても
 反応が進む例も見出された。これらは過去に見出された法則とは異なる結果で麦)ることを明確にした。
 第3章は,MC法によるRXO,t(R=La,Y,Nd,Sm,G〔1,Dy,Er)の合成についての結果を示した。すなわち,A
 の元素6種,Bの元素4種,計24種類のABOl型複合酸化物の齢合成を試みたが,密度の高い化合物ほ
 ど生成しやすいことがわかった。一方で,粉砕操作による多形変化についての一般的な現象として粉砕
 操作に対して安定な構造,緻密な構造が得られるものがあるが,本研究で確認されたこの現象はそれと
 よい対応を示した。
 第4章は,MC法によるCrXO4の合成について検討した結果を示した。すなわち,出発原料にアモルフ
 ァスCr203を用いるとMC合成がスムーズに進行することを明確にした。
 第5章は,MC法によるAIXO4,ドeXqの合成についての結果を纏めている。すなわち,出発原料にA上00H,
 FeOOHを用いた合成,反応性に差が現れることを明確にした。
 第6章は各複合酸化物の合成における反応性の整理とその差異について,元素半径を基にしたパラメー
 タを用いることによって反応性の難易が想定可能であるという新しい罵反応のガイドラインを提示し
 ている。
 第7章は結論である。
 以上,本論文は,MC固相反応によってABO.1型複合酸化物を合成する場合の多くの反応例から,固相
 反応のマップを提示した内容であり,環境科学,素材工学の分野に寄与する多くの知見を提示している。
 よって,本論文は博士(学術)の学位論文として合格と認める。
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